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[54] Description of invention: Industrial production method of cold-cured pellet used directly for 
iron and steel smelting 
[57] Abstract 



This invention is for constant industrial production of cold-cured pellet for steel and iron making. 
It belongs to iron and steel making field. 

This invention uses iron concentrate, non-coking coal and cement clinker as raw materials to 
produce continuously cold-cured pellets with high thermal strength and used directly for iron and 
steel smelting at the cost lower than sintered ore. The hot strength can be considerably improved. 

The "minisized blast furnace" structure of the cold-cured pellets is firmer. With this invention, we 
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can increase the reliability of direct steel-making technology, improve the operation of blast 
furnace, and replace coke with non-coking coal in reaction inside the furnace. The coal-coke 

replacement rate is >1, so that the iron smelting coke ratio can be considerably reduced and 

productivity improved. 

The cold-cured pellet of this invention can be used in cupola directly for iron making. 

(BJ)#1456 



Right Request 



1. A kind of industrial production of cold-cured pellet for direct iron and steel making, which is 
featured as follows: 

1) Range of components of the cold-cured pellets: 

Iron concentrate: 64-77% (weight) granularity: -200 mesh accounting for 65% 

Non-coking coal: 13-24% (weight) granularity: 0.3mm or below accounting for 95% 

Cement clinker: 1 0- 1 8% (weight) granularity: 1 2pm or below accounting for 90% 

The summation of the above-mentioned components is 100% (weight). 

2) The pellet contains 1 1-20% fixed carbon (weight). 

3) When the above-mentioned components are mixed, 5-10% water is added to plate or column 
pelletizer for production of 6- 16mm raw pellets with smooth surface. The pellets, when moist, are 
constantly fed from the top into the integrated reaction cabinet for hydration and carbonation with 
remaining heat and C0 2 in the industrial exhaust gas. 

4) The finished cold-cured pellets constantly output from the bottom of the integrated reaction 
cabinet are dry and warm. Granules and crumbs of 6mm or below are eliminated through 
screening, and the remaining pellets of 6mm or above are constantly conveyed to the material 
warehouse of a steel-making plant or an iron-making furnace, or a special finished product 
warehouse for future use. 

5) The whole production of the cold-cured pellets is of industrial scale and constant in a cool state 
without any pollution. 
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2. The iron concentrate described in Article 1 may have a normal grade of TFe 60-68%, or may be 

mixture of iron ore with grade of TFe<60% and iron concentrate with grade of TFe>60%, or may 

be the mixture of sheet iron, steel-making dust, dust containing iron, float red slurry that is hard to 
agglomerate, as well as other iron crumbs and iron concentrate. 

3. The non-coking coal described in Article 1 is either blind coal or semicoke, or their mixture, or 
coke crumbs, coke dust or other substances containing coal. 

4. The cement clinker described in Article 1 has a MgO content of MgO*5% (proportion of MgO 
in cement clinker in weight). 

5. The industrial exhaust gas described in Article 1 maintains a temperature of 120-300°C and a 

C0 2 content of 20% or above (weight). It may be exhaust gas produced from the hot wind furnace 
of an iron-making plant, or the heating furnace of a rolling mill, or a sintering plant. It may also be 
the flue gas produced from a thermal power plant, or exhaust gas from limekiln or dolomite kiln, 
or exhaust gas from other coal furnace. 

6. The integrated reaction cabinet described in Article 1 is a vertical tank made of steel structure or 
RC. The raw pellets enter from the top of the cabinet, and the finished pellets come out from the 
bottom of the cabinet. The industrial exhaust gas enters from the bottom of the cabinet, and is 
discharged from the top of the cabinet. Inside the cabinet, the cold-cured pellets experience the 
following chemical reactions: 

water 

Hydration: C 3 S (C 2 S) C-S-H+nCa(OH) 2 

Carbonation: Ca(OH) 2 +C02+nH20= : CaC03+(n+ 1 )H 2 0 
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Statement 



An industrial production method of cold-cured pellet used directly for iron and steel smelting 

This invention is for constant industrial production of cold-cured pellets for steel and iron making. 
It belongs to iron and steel making field. 

As for the existing technologies, the production of cold-cured pellets is non-constant and of small 
scale, which makes it hard to meet the demand of current iron and steel making industry for large 
scale and constancy. For instance, American Pellet Technology Company produces PTC 
cold-cured pellets in autoclave by steaming, and its production capability per line hardly exceeds 
80,000t/y. It took Lisakov Mining and Dressing Company of former Soviet Union several months 
to produce 157.500t cold-cured pellets with autoclaves by steaming, and the pellets became 
powder by 1.3-51.9% (5mm or below) when delivered to Qaraghandy Iron & Steel Company for 
smelting test. The smelting performance was unstable, and the smelting test in blast furnace was 
seriously affected. The alkali metallic acid pellets of water glass type must be dried, and its 
production capability is only 50,000t/y per line. In Sweden, the pellet production capability 
reaches 1.6 million tons per year, but the production is not constant. The pellets shall be kept in 
the hardening warehouse for one week; then they are screened to sort out iron concentrate powder; 
and then they are kept outside the warehouse for three weeks to get the needed strength. As a 
result, a large amount of capital is tied up. Before this invention, the "cold-cured pellets directly 
for iron and steel making" were also produce non-constantly. When the raw pellets roll into 
finished pellets, they are air-dried in an open place, and then collected for use or put into a tank for 
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cultivation with 250°C industrial exhaust gas. 

Another weak point of the cold-cured pellets produced with the existing technologies is low hot 
strength, which seriously limits its application. For instance, the connecting bond of Swedish 

pellets is damaged at about 600°C; the finished pellet rate is low; the availability for use in blast 

furnace is hard to exceed 40%. The hot strength of pellets of water glass type is poor, and only 
20% is available for use in blast furnace; when the pellets are used for smelting, the availability 
coefficient shall be reduced by 3%. The Before this invention, the hot strength of "cold-cured 
pellets directly for iron and steel making" was also poor, and the availability for use in blast 
furnace was 65%. When they were directly used for steel making, the structural solidification rate 

of "minisized blast furnace" was low, and the metallic yield was £84%. 

This invention is made just to kill the above-mentioned weak point. 
Below is the illustration of this invention with the attached drawing. 

This invention uses iron concentrate (1), non-coking coal (2) and cement clinker as raw materials, 
which are mixed in the blending column (4). Then, 5-10% water is added to plate pelletizer (5) or 
column pelletizer for production of pellets by rolling. 

Iron concentrate: 64-77% (weight) granularity: -200 mesh accounting for 65% 

Non-coking coal: 13-24% (weight) granularity: 0.3mm or below accounting for 95% 

Cement clinker: 10-18% (weight) granularity: 12|Jm or below accounting for 90% 

The summation of the above-mentioned components is 100% (weight). 

The pellet contains 1 1-20% fixed carbon (weight). 

The iron concentrate (1) may have a normal grade of TFe 60-80%, or may be mixture of iron ore 

with grade of TFe<60% and iron concentrate with grade of TFe>60%, or may be the mixture of 

sheet iron, steel-making dust, dust containing iron, float red slurry that is hard to agglomerate, as 
well as other iron crumbs and iron concentrate. 

The non-coking coal (2) may be either blind coal or semicoke, or their mixture, or coke crumbs, 
coke dust or other substances containing coal. 

The cement clinker (3) has a MgO content of MgO*5%. 

This invention adopts constant, volume and industrial scale production technology, and meets the 
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actual demand of modern iron- and steel-making furnaces. 

The raw pellets (6) produced by rolling, when moist, constantly pass through the rolling screen (7) 
to achieve the specified granularity of 6-16mm. The raw pellets maintain smooth surface and don't 
stick to each other. They have sufficient capillary adhesive force and quick gratification force of 
cement clinker. The raw pellets also have high strength and can bear 0.5kg compression. They 
don't break when falling from the belt with underlined iron plate, which is 460mm high. The 
strength meets the requirement for repeated transport during production. 

The raw pellets (6) sorted out without any crumb, when moist, constantly enter the top of the 
reaction cabinet (8), which is a vertical steel structure or RC tank. Under the action of the 

industrial exhaust gas with a temperature of 120-300°C, cold-cured pellets are constantly hydrated 

and carbonated from the top to the bottom of the cabinet, so that most components of the cement 
clinker maintain certain temperature and moisture. The hydration of the cold-cured pellets is 
continued and accelerated, and a connecting bonds network forms inside the cold-cured pellets 
quickly, thus improving their intensity. Meanwhile, in the conditions of the temperature and 
moisture, carbonation takes place between the C0 2 in the industrial exhaust gas and the hydrates 
of C 3 S and C 2 S in the cement clinker, further enhancing the intensity of the pellets: 

water 

Hydration: C 3 S (C 2 S) C-S-H+nCa(OH) 2 

Carbonation: Ca(OH) 2 +C0 2 +nH 2 0=CaC0 3 +(n+l)H 2 0 

The industrial exhaust gas (9) mentioned above maintains a temperature of 120-300°C and a C0 2 

content of 20% or above (weight). It may be exhaust gas produced from the hot blast furnace of an 
iron-making plant, or the heating furnace of a rolling mill, or a sintering plant. It may also be the 
flue gas produced from a thermal power plant, or exhaust gas from limekiln or dolomite kiln, or 
exhaust gas from other coal furnace. 

Since the above-mentioned industrial exhaust gas (9) enters from the bottom of the integrated 
reaction cabinet (8) to take part in the reaction, it can also dry the pellets, so that the cold-cured 
pellets can be carbonated and dried at the same time. Thus, the finished cold-cured pellets (10) can 
have a high intensity and be dry and warm as well to prevent frosting in winter. 

After hydration and carbonation, the finished cold-cured pellets (10) constantly come out from the 
bottom of the integrated reaction cabinet (8), pass through the screen (1 1) to eliminate the granules 
and crumbs (12) of 6mm or below (accounting for 5%), and are constantly conveyed to the 
material warehouse of a steel-making plant or an iron-making furnace, or a special finished 
product warehouse for future use. Granules and crumbs (12) of 6mm or below are ground on the 
base of a roller (13), together with the moist granules (14) of 6mm or below sorted out by the 
screen, return to the deoxidization cabinet (15), are mixed by the mixer (4), and are made into 
pellets with water directly in the plate pelletizer (5). 
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In the above-mentioned process flow, the transport can be simplified and middle loss reduced. It is 
suitable for production control and reconstruction of an old enterprise. 

This invention radically resolves the issue of poor hot strength of cold-cured pellets produced with 
the existing technologies. Below are the details: 

1. The deoxidization drum indices of the cold-cured pellets of this invention are much better than 
those of the foreign quality roasted pellets and cold-cured pellets as well 

1) The deoxidization drum index of the cold-cured pellets of this invention at 500 °C: 
RDI+6.3mm%=94.7% 

2) The deoxidization drum index of the cold-cured pellets of this invention at 700 °C: 
RDI+6.3mm%=72.0% 

3) The deoxidization drum index of the cold-cured pellets of this invention at 900 °C: 
RDI+6.3mm%=88.0% 

2. The deoxidization expansion performance of the cold-cured pellets of this invention is much 
better than that of the foreign quality roasted pellets and agglomerated pellets as well. 

According to the relevant national standard, the deoxidization expansion rate of the cold-cured 
pellets of this invention is RSI=2.1%. 

3. The softening performance and melting performance of the cold-cured pellets of this invention 
under load are excellent, and the air permeability of the material column is better than that of the 
foreign quality baked pellets. 

Test conditions: load of 0.5kg/cm 2 , 115g 6.3-10mm pellets (recovered at 900°C), 048mm pot, 
height of sample 60mm, 15g coke both on the top and at the bottom of the sample, temperature 
rise curve 10°C/min when <1 100°C and 5°C/min when >1 100°C. 



Test results: 
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Note: T10% is the temperature at which the pellets distort by 10%; T40% is the temperature at 
which the pellets distort by 40%; Ts is the temperature at which the differential pressure rises 

abruptly; Tm is the temperature when melting takes place. *Pmax is the maximum differential 

pressure between the top and the bottom of the material column. 

The above-mentioned advantage of the cold-cured pellets of this invention in hot strength is 
because the composition of the cold-cured pellets, the internal structure of the pellets, and the 
constant industrial production process jointly improve the hydration and carbonation with 
industrial exhaust gas. Under the actual operational conditions of a modern blast furnace, the 
internal pressure is approximately 0.12-0.35Mpa. Therefore, the networked CaC0 3 inside the 

cold-cured pellets of this invention after carbonation is decomposed at 910-960°C, so the pellets 

can maintain high hot strength before below 900°C. When it is 900"C, the cold-cured pellets of 

this invention has ll%-20% fixed carbon inside, which has deoxidization with ferric oxide to 
produce sticky phase that restricts the growth of acerate metallic iron crystal, and substitutes for 
the intensity system of the networked CaCOj, so that the pellets continue to maintain extremely 
high hot strength till melting. 

The features of this invention include: 

1. The cold-cured pellets of this invention have unique internal structure - "minisized blast 
furnace" structure, which is the major reason that it can be used for direct steel making. Only this 
structure can "separate" "deoxidization" and "oxidization" in the steel-making furnace, which are 
opposite to each other. This invention adopts constant and mass production process, further 
improves the hot strength of the cold-cured pellets, makes the "minisized blast furnace" structure 
firmer, assures the reliability of the direct steel making technology of modem steel making furnace, 
and achieves the metallic acquisition rate of 84% or above. 

In the structure of the cold-cured pellets of this invention, the cement clinker maintains a CaO 
content of 60% or above, which is a remarkable agent for deoxidization of ferric oxide. The coal 
powder, cement clinker and other materials necessary for deoxidization, melting and slagging of 
iron ores are delicately, evenly and closely blended with both the iron ores and pellets for reaction. 
Further, the cold-cured pellets of this invention won't crack or become powder at high temperature, 
and keep in good condition before separation of slag and iron, thus forming a static "minisized 
blast furnace". As a result, the deoxidization of ferric oxide can be separated from the outside, just 
like in a blast furnace. When the pellets are in the high-temperature steel making furnace, the 
capillaries that form during production of the pellets result in a lot of vents on the surface of the 
"minisized blast furnace". The vents spray out gas during the reaction inside the pellets, to prevent 
the oxidizing gas from entering into the "minisized blast furnace", thus further "separating" 
"deoxidization" from "oxidization" inside the steel making furnace, and forming the so-called 
"minisized blast furnace". 
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When numerous cold-cured pellets of this invention are put into modem steel making furnaces, it 
is like that numerous "minisized blast furnaces" are put into the steel making furnace, to achieve 
deoxidization of ferric oxide quickly, and then swiftly enter the normal steel making process after 
the slag and iron are separated. 

2. When the solid "minisized blast ftirnace" featured by the cold-cured pellets of the invention is 
applied in the modern blast furnace to smelt iron, it can greatly improve the kinetic conditions 
under which the iron ore carries out the deoxidization reaction with the carbon, and make the 
non-coking coal replace the coke more effectively to take part the reaction inside the ftirnace. The 

replacement rate of coal is SI. Therefore, the cold-cured pellets of the invention may greatly 

reduce the coke rate to improve the production rate. 

3. The production costs of the cold-cured pellets of the invention are remarkably lower than that of 
the sintered ore, which may be explained as follows: 

1) The financial expenses and depreciation expenses are low. (The basic construction investment 
of the invention is 1/3 of the sintering machine of the same size.) 

2) Low costs of the processing. (The finished products rate of the cold-cured pellets of the 
invention is as high as 92%, which is 13% higher than that of the sintered ore. The energy 
consumption in the manufecturing process of the cold-cured pellets of the invention is 62kg 
standard coal lower than the sintered ore.) 

3) Low costs of the raw materials. (The super fine industrial waste that is hard to be sintered may 
be applied, such as the dust and dirt of the converter, floatation dirt and dry-quenching coal 
powder.) 

Based upon #2 and #3 feature as listed as above, the iron-making costs may be reduced to a large 
extent when the cold-cured pellets of the invention are applied. 

4. With the constant, large batch industrially sized production processing of the invention, not only 
the cold-cured pellets may satisfy the actual demands of the modern steel-smelting furnace and 
modern blast furnace, but also the entire manufacturing processing is performed in the cold 
position, producing no pollution caused by combustion. 

When compared with the traditional iron-making processing system in terms of the single item of 
deoxidization of the pollution caused by the agglomeration, its economic and environment 
efficiency are great. For example, the Capital Steel, a large-sized enterprise that may produce eight 
million of pig iron annually, may save 890,000 tons of fuel for sintering each year and may reduce 
the pollution by 5100 tons (including a deoxidization of 1900 tons of S0 2 , 1500 tons of N0 2 and 
1700 tons of dust and dirt) each year. 

5. The invention may optimize several importance performance of the charging materials for 
iron-smelting. 

1) The temperature when the cold-cured pellets begin to be softened increases remarkably; the 
distribution of the soft heat belt of the blast furnace is changed, which is conducive to the 
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direct motion of the blast furnace. It is of great significance to those enterprises that depend 
on the ores (The fluorine-contained ore in the Inner Mongolia and the ferrovanadium and 
washingtonite ore in the western parts of Sichuan Province) with rather lower softening 
temperature as the raw materials for iron-making. 

2) The best grain level (9- 16mm) of the finished cold-cured pellets to entry the furnace accounts 
for 92%, which may meet the requirements put forward by the modern blast furnace for the 
fine fodder, 

3) The effective rank is high. It is because that in the cold-cured pellets there is not the ash 
produced in the sintering process neither the ash brought along by the circulative application 
of the sintered return ore. With the cold-cured pellets manufactured with the Qian'an iron 
refined powder of the Capital Steel, the effective quality reaches 64% after the influence 
caused by the internally contained fuel and CaO are deducted. When the cold-cured pellets 
manufactured by the cost-effective and hard-to-be-sintered powder ore from the South Africa 
are applied, the effective quality may reach 63% after the influence caused by the internally 
contained fuel and CaO are deducted. 

4) Good deoxidization performance. Since it has the particular feature of internal deoxidization 
as well as the up to 19% interspace degree, the total deoxidization index may reach 88% at the 

temperature of 900°C. 

5) Good anti-pulverization performance. Since there is neither the F c O nor the liquid structure 
generated in the sintering processing, the heat intensity is high and the there is not the 
pulverization phenomena with the liquid storage. 

6) Good self-fluxing and desulfurization performance. It is because that there inside the 
cold-cured pellets is the even distribution of cement clinker with high activity and CaO 
contents of more than 60%. At the same time, it is because that the internally configured coal 
has good fineness and is evenly distributed. 

7) The cold-cured pellets of the invention may be used to directly smelt the iron in the cupola: 

The cold-cured pellets may generate by smelting the qualified cast iron and steel-making pig iron 

directly in the cupola with the hot air temperature of 500°C or above. It is of great significance to 

those direct foundry enterprises with excellent economic efficiency. It may greatly reduce the 
costs of those enterprises that depend on the cupola to smelt iron in the long run. 

The implementation of the invention is as follows: 

1. Evenly mix 73.5% iron powder of the qualified TFe 63% with 13.5% anthracite and cement 
clinker. Then add 9% water and form the cold-cured pellets on the disc pelletizer, which are to be 
sifted to 6-16mm grains by the roll screen and then directly enter into the comprehensive reaction 
chamber to go through the hydration and carbonation processing. The temperature of the waste 

industrial flue gas reaches 180°C, the single pellet intensity of the cold-cured pellets reaches 

1 150-1500N, the dual alkalinity R 2 =13, the deoxidization drum indices at the 500°C reaches up to 
94.7%. The production is constant and the sifting effects are excellent. The 9- 16mm grains of the 
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cold-cured pellets account for 92%. The cold-cured pellets are dry, the grains are neat and 
maintain the slightly remaining temperature. 

When 100% said cold-cured pellets are put into the 90M 2 blast furnace for ore-smelting, a 
deoxidization of coke rate 250kg/t iron may be saved compared to the original smelting by the 
sintered ores. When the mix of 50% above-mentioned cold-cured pellets and 50% sintered ores is 
put into the 18 M 2 blast furnace for ore-smelting, a deoxidization of 172kg coke rate may be saved 
compared to the former smelting when the sintered ores are applied. The blast furnace carries out 
the direct motion and there are no phenomena of collapse and floatation of fodder. The utilization 
coefficient of the blast furnace is improved by 5%. 

2. When the cold-cured pellets of the invention is smelted directly in the 150kg intermediate 
frequency steel-making furnace, the acquisition rate of metal is £84%. Before the desulfurization 
operation is performed for the molten steel, its contents are as follows: 

C Mn Si P S 

0.04 0.056 0.020 0.0043 0.187 

3. When the cold-cured pellets of the invention are smelted in the cupola (The air temperature of 

500°C) with a cubage of 13M 2 , the molten iron for the qualified cast pieces with the carbon 

contents of C=2.8-3.8% may be obtained directly. Compared to the cupola, it is featured by the 
low costs for production of cast iron pieces, good molten iron quality and lower contents of 
fluorine in the course of smelting (since one coke phosphatizating process is saved.) 

Attachment of the specification 

5. Water 

6. Exhaust emission 
10. To be used 
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BB. fl*»^*ftW»»B*B»AlE««iB^I&««, tt« 
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16-FEB-2005 13=52 FROM 



TO 9-0012024293902 P. 22/25 



2, #£«»B*B0?:JUr»¥Btt 'MM*** ME, ftffiE 
fllW 1/8) o 

B^aiiriKtiMftffWfiisiKii^nsiisiiSs Bfl±w«ax 

30*1900 (fig T NO a 1500fR6, ^1700iPg ) . 



6 



13:53 FROM 



TO 9-0012024293902 P 



^^I^CaOW^^, £&p n pt«3*64%<> JlllMHraXttKfttitt 

»C»0*fteoKK±»**ft*t, ^ftSHDW, 
tttt. 

s&»ftib£fett4teAft*iftfl£ft. sixfTfiJiftaFttfiflWtt 
sftft&±i:Mrs«*&. mm^it^ttiifl^ 

A. lOTU*ftJXMEA*. 

^MSISO-C, *ft#*Sffttft1l60-'-l5O0N, r.7G«ffiR 2 = 13, 
500raft«fft»«j4lS|94.7H f ^ftftSft^ft*, 3$BB9-16mni 
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16-FEB-2005 13:53 FROM 



TO 9-0012024293902 P. 24/25 



$$£92%* &0HPi** WiftMfr* 

Jfl ±a» S3* 0 100% « 90M a BP A^A# W i tt**«ffl «*s 

C Mn Si P 3 

0.04 0.066 0.020 0.0043 0.187 
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P. 25/25 




TflTPI P. PS 



